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ABSTRACT 


A closed, dynamic, mathematical model 15 used to study 
scheduling in a two-port system. 

The model will ргефісі оп а а: 11у basis: the mount ol 
СОГЕО willing at each port for shipment; the status of ach дос! == 
empty or occupied апа 21 осс 2с, оу which ship: "Me destination. 
estimated-time-of-arrival, amount of cargo on board, numver of deys 
in port and at sea, and the daily speed for each individua ship. 

Upon completion of a test case, the model will predict, by 
ship: the total time at sea and the cost thereof; the total time 
Spent in port including tano lost waiving loros 1 ٤٣ 
overail voyage cost and the average-d 31ly-cost of each ship. Ad- 
ditionally, the model will piedict the to.al amount of cargo gener- 
ated for shipment at eacl port and the mi Winum quantity it builds 
up to at any time. The mode! wiil prerict the cost of warehouse 


Space needed to score Ir -i hit æ+- ibir œ Laureni ру һе system: 
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Me model will accent any coßltınalion of ship Sizes and 
epeeds desired, if required, the motiel wai altgm iucomatacally 
+ Shao. Cstlablished ET. to insure that upon arrival at its deste 
nation | waecant dock with cirgfo Wil E Up to be put +n board will бе 
available. 

Ihe model has the following restrict,ons: It is limited to 
two ports. It ussumes sifficient stevedore gangs and equipment 
to permit simultaneous loading and unloading of different vessels 
ia ihe sine pori on a 24-hour basic. “There 15 ٣٣٣٣٣ 
between different cargo classes. The model does not provide Гог 


carco delays: y ihe moel considers its chaps alayo In e rce Nii 
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no time lost o Máintenance. The model 4505 the sume fuel-used 
VS. speed curve in calculating daily fuel consumption for all 
ships--regardless of their size, shape, or type of propulsion. 
The model uses the same averape-daily-operatint-cost-fisure for 
aa. Ships. 
Numerous test cases are studied to determine 

(a) the effects of vessel size and speed on scheduling; 
(0) the benefits of altering a ship's speed to coincide with a 

vacant Cock; and 
(с) tune ania CS OC salling a рт ۱۹ ۰6 167 1 provide 


a vacant dock for an invound s'ip. 
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INTRODUCTION 


Buckground 

Today as never mcfore the well beimg of sociciy depsgds in 
large measure upon the efficient overglion of the n tion's indun- 
tries. ‘whe шаң ейел of there industries must ucceyt this 
ТООЛО БАЛТУ апа Tice LO сре стай елече ив Ела ICCD 
Cate mo, Lonper aliord the-Luxury 1 depending upon ле топа 
myths to guide vast industrial enterprises. Іп short, the manage- 
ment of these industries must become more of a science and less 
of an art. 

One of the principal reasons that management in industry is 


not more scientific is that man has ucver becn@@ble to study com- 


з а unified wnole; he has been forced to 


O 


plex, economic syst ns 
eal witn them pieceuenl; and consenuen.ly, man has never mastered 
the underlying principles that control their operation, 

Now, for the first time, two concepts offer some hope in the 
study of these economic systems. Both were outgrowths of Operations 
noscurch--a new scientific discipline used in the study of the 
decision-making process. 


tio. ot a бас‏ ےپ 
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ће first concept is that of a mocel; a model can be many 


a Usually a layman thinks of o model (if he thinks of one 
о J 


- 


at all) ав а threcsedimensional ታወ боб Al ۲ 


ж 


setenta Or Өелбіпсепг Нес word, мочь, за попу ICN зене 


Fation. The Pythaporean theorem is a mods, a спен съ formula is 


р 


amodelrana до, лар Miller, SO 1S a musics! MUS. Тостетоте, а 
model can be abstract and describe somotnins in syibols and mathe- 
mitical ecuations as well as being a physical replica. Additionally, 
models can be sSiatic or dynamic--a stutic model deecribes relation- 
ships that do not vary with time while ly2 intera-vions of the 
+ 

dynamic model's variaoles can change with time. 

Hereafter, this thesis will be concerned vith dyramic, mathe- 


matical models of economic systems and tacy will be called industrial 


dynamic models. The term industrial dynamic model was first used 
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Бу Dr. day и. Forrester in his Dook, л ыс л Юу отсе, 
Industrial Jvnamic Models 

Industrial dyn:umic models rescmble the siruciure апд/ог 
behavioral characteristics of a real-life counterpart, and they can 
be manipulated in any way without aifecting their couvntervarts. 
This permits their use in determining the effects of policy chances 
on the real-life system they represent. loreover, they can be used 
to evaluate information as to its accuracy, worth nd timeliness; 
ana operating experience can be obtained from the model in a fraction 
of the time and cost it takes to generate experience with the real 


7, 
en.” 


са 


Sys 
But, it should be stressed that these models cannot now be 
Е о ше рес ог сеет 
Р 4 29299 
at particular times in the future, This is true because many 
variables simply cannot be accounted for: for instance, human behav- 
or plas an ог ан part in every industry; but ሀሪ. 1:2, 11 has 
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Bean 1 11708831)1ሮ Бо reduce if to a semes оЁ шсгпї Ты саз “10.5. 
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examples мір be--a naturgl disaster, wok narret slump, OT 


Labor strike to name а few. юо, пеп асайУ п: witn complex economic 
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С» 


поје о, rhe vest thac can- -be поре ог is that tney benave like 
tueir real-life counterparts. 

Industrial dynamic moue?= focus atl@ilion Mhon ۱99066011766 
па their real-life counterparts. Tnis is serhayps one of the most 
Valuaole contributions of constructime а mundel; justi опа "али опе 
enforces nrrecjsion in CHITIN 2 A mowWei challenises every concept 
of the real-life system, for ecch опе must be reviewed and onulyzed 
FO in@ornrorate it into a mogel; assunptions abou. the se 1-11ге 
SYSlLUMB wiicn Lave been made uncon:ciomely, are әгдінмліі Lo the 
surfac> ari must ve accounted for. 

tne second of the two important concepts mentioned e sclier 
is the use of dynamic, mathematical mođels in conjunction wita the 
modern, electronic, digital computer to simulate behavior. This 
heans towcereate, artificially, History that се сва та Коме CoO tie а си а 
performance of the system in real-life. Artificially creating per- 
formance history with a complex mathematical model involves numerous 
ізсгабіуе calculations; the high speed computer can perform these 


calculations rapidly and efficiently, thereby making simulation 
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The goal of this study is Бо anvestipate the constrvucticn or 
a useful moddl of a shipping organization. 

The chipping industry was chosen Беса зо ће auwicr 15 Millar 
КЕП ТОА саса Ис alas. rey 1203 богіопо tremor and can елен 
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5٣۰۱٦1 67 modela po Sid ie ОДЕ ev in Burn: ior example, 
ha coOm Javea ton Со renorts that bey nave a very мо ۳ ۶ 
simulation model отс шго acer Тесог осо model reauLvred’siz 
man-ycars of #rograhmin,’ time before il 6 саме opere cional. 
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Li Е ое па це поет caldoso л ШИШ 6 
НЕ 77076905600: فی 699 ۲۳ "۲۳101060 ا‎ 60 0006000 е поете и тос. 
Simulavion would be renewed. Го: E his crea 1128 hhiarcment's 


best hope of improvement. 


The model constructea in the work 15 Песегісей тп Chanter ٣۳٣ 
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Chapter ІІ 


PUMPOSE OF Tu. 19221 


Before апу userul model can be constructed, 23 murposce Gust 
be clearly defined. The purpose of this moplel iz to И ус зав a 


” 
( 
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вн ое о ITI polla 1 6 0 ۳6ے م370‎ 77 
in а two=port saippling system. 165 ۲ ک2 ۳36 ۱ تپ ت0۱ 7 ۰ بی رک‎ 
that materially influence the system--producing better or worse 
system performance. 

Better performance wiil be defined as the compronise that 
produces the better balance between the cotit of allowing carro to 
ЭС под ап port and the expense Of Operating cnough Ships: Lo 
totally climinate cargo build-up. It makes no sense to have an 
overabundance of shipping capacity to prevent carso build-up if 
ships lic idle waiting for a vacai.t dock or to nave cargo unlos»aed 
or loaded--operating costs would certainly be excessive. It is 
just as foolish to provide too little capacity and accumulate a 
large backlog of cargo; shippers would lose confidence in the con- 


de 


Days ability to deliver thielr 9905 on ¡tame and OUI CED LO 
CODEN Or SO, 10 1S essential to maintain the best balance between 
ПЕН Со thiaiis what is Meant ByrezTectkiverscheaulins. 
iifective scheduling depends upon many factors such us the 
distance between ports, weather conditions at sea, the type of 
Cameo, port repulations (working с слане за зе о о 
Supacaty) and speed ol (йе уезде б іл 12020 
пре value. of the model as а تا‎ 000 10۷ 0“ ау 
Е 1 


to reveal how and «о what ‘erree each of these factors affec's the 


сем. 





Гог example, the effects of size ı lid Босса оп 06ے‎ ۱16 0170 


be evaluated by cerrying out и series oF contreilec experiments on 


af 


the model. This ıs done by testing @itferdn. flects® of ships and 
holding all @iher factor&--ccuther conditious at seg, port regula- 


tions, “ype ol crtrgo--EonsWant. 


Studyins the béenavior of the model as it ге ссв go the di.~ 


ገ 


ferent experiments may provide valusble dusight inio th» nature of 


N 


the erfects of size and speed ол the ву едореггогма се, This in- 
signt may lead to more effective jad’ vidual ship designs. The 
supertanker of 60,000 to 100,000 tons is a classic example ої 
Gesigning more effective shiis. Just a few years ao this size 
vessel was considered econ Today shpertonkers «ure the 
mainstay of the world tanker flect. But the point is that industry 
had to be forced by the Suez Crisis of 1956 into building what 

ee i ved to be an enormously proritable تہ‎ Had the industry 
known more about the eficcts of size and speed, it might have built 
supertankers of its own volition--Sucz or no Suez. 

Size aná specd are vital considerations when a company must 
determine which is better for its operations--a few, large, fast 
ships or many, small, slow ones. It may well be that a combination 
of varying sizes and speeds produces the most efficient system oper- 
ation. and still another related problem is: should a company de- 


Libernatesy alter a vessel's speed to synchronize its BTA with an 


empty dock and cargo waiting to be put on board. 


ТА ilret can be composed of ships having similar characteristics-- 


ze and specd~-or they may differ, ship by ship, in si ce ana or 


sherd. 
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Inese are just a few of the рго с до р Шеп noon tue 
effects of size and speed on system performances similar questions 


На 
\, 


would 1 “ከር ን ከ. ем Were Tes ved. 
|. бо ао. 

problens Of This Nacure Using сапуепслопл й опо усу аба trying 
СОИ ОСИ ато COT CS abont م06 6000000 0 607677110۲۲6 0 6700/601 60ز ک‎ 
system in real lite. The shipping system is too coiulex; gt? has 
00 many interacting variebles.. Of course, согацс ша cs 
ona real-life system would help; but the tronendous invesiment in 
г тео (Shans, وہ‎ папата ке г, ТЕЗІ С tasa) 
discourages experimentation where the repnlts cunno. пе sorevold. 

aS pointed out in Chapter 1, tne only practical ٣٣٣٣٣٣79۷۶ 
ax the present time is to create г simulation model and experiment 
иен it. Tue costs are insignificant; the venerits fy be inesti- 


sable. II the model which is the subject of this study can be ts2d 


ibas manner, it will have served ats purpose, 


جم ہے 
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ihe model #5 “ሠር በ a descrip ion o ЕНО-ГОГЕ 577 р, аы 
system. Іс 22115 how concikions ®t ora voint іл Hime 194 to sub- 
sequen” condVrta ns 20 а Laver neil an IMC. “Lo de uni 0 0 MOC 
is closed, cyuarsg. iia пема | «nd stable, 
The adjocctive clesed 18 used vecanse once initirl conditions 
nave been Gn smut to Che model, it has sulTsseeent intermal intelli- 
ve го орех е indefinitely without recciving additional inputs 
from an external s urce- 
ТЕ is a mathematical model because mathematic equations are 
uscd to descrive tne real system instead of a  ,hysical device. And 
lo is dynamic in that it deals with time-varying interactions. 
бо far the description of the model fits Dr. Forrester's defi- 
nation of an Industrial Dynamics Model with one imvortant exception. 
As presently configured, The model does not txe into account : 10 
concept of informution-feedback. Dr. Forrester states that: 
Ап inform .tiou-feedback system ex*cts whenever the environment 
Кезш во а ео р о но 22 the 
environment and titeecby inTluecnces future decisions. 

1112 сопсерг can be built into The model: 45 as. regretted сйас tame 
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e-pacity--snips lie 1d о. ТЕ ме гесло Whe п ег ог doci 


tae 04217 11 reacus ¿ue 25 vie reel system would pici fewer docks=- 
ports become congested. Á soecd-up of cargo namilins гай іп #he 
moacl reduces port turn-aroun§ tame just 25 170311 harten in eal 
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шие Ош о ње Gol 5.00”? exacta Јаше а EL, CIO, 
шошо 7200, 1% must С002311 the ё2 611 elemc is о: "ои 


10:15 to azcompaish its intended purpose. 


e jor отпоре 

фас cuch elements carro; the primary purpose of- -any Shining 
system is to nove car o Ггом сме point Lo another. The Model must 
provide this freight for shipment nt each p.rt and it must provide 
(ean a@urealislic manner, Under етган солат логе bre салон три. 
at a port can be a constant deily value; under others, the cargo 
input will be a random dilly value; and under still опита, де 
како кирии depends проп Seasonal ۲160 am 2. ALL 
oí these situations occur in real life and the model is equipped to 
handle each one. But in doing so it contains two important assump- 
roas about carzo. The first is that there is an in-balance in the 
Car O лирага саспа обес та ۴۳ ۳60 0 ден Wore о сре она Ма о Tor 
ehiymenv ај опе port „пад the other. "And time Second is that лег 
15 по distinction betfiecn 0 фрепЬъ classes (Бик, gencrál, Най) 
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gsomptions; however, we а nul (cmt ofits. 
pains form another important clement of ME добри тис oe 
they do in. a 2097-1119 сет. POr onio o ror топ с 1በጠ she 
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muse es.ablish and maintain scnedules; it must repair its «hips and 
әгоуійе for routine mai™venance; ınd it must pvrcnase Жи се, 
provisions, and fuel for all ships. 

The Lore оди" sives soife idea of the pnormeus nugber of 
Variable™ associaced with operating 84 5. Апу ща еп о үшү ш ил 
ace ugpt for all of them would make the aod. І со CTC us Бо 00- 
scure th= mor2 importamt aspec’ 65 Of “Gump operation, 

theres. orc, ілоб n perat fon portion of tae то 7 
role ring ۱۳۰۴ 120865, Тс mod L'a 50005, тог instance, that in- 
dividuad Ships diller only 18, ۴ 00000 کب‎ 0 00 0+ +٣٦ 
they can carry. This permits tne model to use 8 ۶+ +7 
vs. speed curve in calecrlatins frel conmuripiion for · 11 shins-- 
ГОА less of “песзг size ог 5 е. 1d anovuler ех Фиш tie 
assumption« mad= Го є20П011. 9 the model 15 that it cousiders Its 
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ОО лы 02 SSF AAA ANAL ON 
must 3 کات بی‎ ТЫС ре пе 32175014 СО БРЕ "ARM ۷۷۷۷٣٠٢٠۷۵ 
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srminal-(poıe) یں‎ -L oss is Aare ህበ. ль тва | Е мс 
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of ship management. Carjo-haudling-costs averese from 40 to 60 ver 
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prevent овалне скоптегей by tie comglexitics of revi lite, Ose 
ШАУ 411 carro is handled (leaded and ualog@ed) at ис д се. 
Mee aOLher 16 that exch port has zufliciunt Skevedare g ns а јњег- 
Mbt sims lianeous Lozding and unloadin,. 05 Alfferent vessche сп а 
ae basis. 

The rou th and final clement of the Kodel is accounting, 
very Оли СТОИ nust account tor lis медии ес ела recorda 
expenses using standard accoun inp ргасъьсей. liowevır, to gain 
srhplicity the accountin,; cW@nent of tie model must deviate Iron 
Chis. The model only records cxpenses associated with ship opera- 
tion and warehousing of caro. Moreover, the myriad expenses of 
operating a ship arg lumped into ®ve average, daily costs. One 15 
the суегане, Яса Ту, in=yert cost. had the oticr is the fuel expense 
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ul ‹ሻዳ4፡.ፈፊ‹ጊ..#መ cost at Беа, ihc шт СГ ме. сноп, ща “ELO 


Е) 


15 сме аукгаще Чад Ел -0 ہت ہت تر نے ین‎ ЖЕ Tort ዕጭ. Iran- 
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21-00. 
Marcnousin,;; cost could Aucluce I con ет су ан cor 
along cargo. со риа up in wort, Whevepiocel of | 0:0. Со 
۲۳۶۱۷۰ СОБОР ооо сооп хой ое ассоци рещ Bor in this 
о. ОЧ ее Line cid nor ermi Lie с Ок 756 
с ша. 10412212 
ив MOL са 4. “BRA OO. alc Doar п ме о ТЕ pone) тот 
БИТ гала ассойй шп) ርሀ мм пате о око o 
the behavior of the model. hese Mekrunles mus. I,tersct s2ccording 
to certain precisely-defincd rules if hc пос? is аз achieve simu- 
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In addition to спе rules nerzioned atove, the varianles are 
еса Бу iia conditions which are cet at the) бе innin ог 
з Simulation run. They cennot be altered by a source external to 


ግ 


още model until the run is completed... These conditions are critical 
as different tests on the model are performed by chanring some of 
chen. 

The more impeytant ones are: the speed, cargo carrying capaci- 
WY, amount of cargo actually on board, destination, and cstimnated-— 
Wime=of—sarrival of efich itidividual ship u®e уе іе; (пе босат 
Humber Of snips an use; the Cargo input, сито 006911 12/86 посе, та 
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luster time--.nhe number o days the model hus reen in operation-- 
аа Ono Lor (0 08112203 үс02єёг2 1 үс 202152 401100 ci Ole complete 
pass through the wodel for woth тогЕс. 

ime first cycle beins witn the гечетафоп о An lor both 
ports. То do this the caro reneralor depends unon a constant, 
АИ а писремспо or car oras ап input: this 3-607 6060061 ٦ 
[Von past operátions of the company (higrsorical) or it ٦ 
шог o escasos де па). п оо о Ша 
Поросасп боттс а Constant, daily Anerement от а ۶ 7۴۲٤ 
ከ ከ 71101! Increment ог even a randomized. 7وہ‎ 613.6931۳3070 
depending upon the initial conditions. The cärgo gencrator adds 
the daily, generated incrtment to tie cargo already at the port to 
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of udditional warehousins nceded is computed and the cost is added 
to the total warehousins cost. The model assumes that the additional 
space is always available--an assumntion that 15 not necessarily 
n о. 
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во ето но Мы» ЕП оле ۱0۱716 7 7 
BULL VCE р оао. 

The model will now ¿and chips whose las equal master time 
АШУ шош slestinetilon 13 port one--provided there 1s a vaco ru сом: 
ама Јади, Cace a onip nas been docxed the model will AIS е 
its car;o and reload 1%. Loading and unlosding ргосесаз ai a con- 

| Е 2 oe | | 

Stan’ ከ. “ህር Ба сеже) ‚nen a ship is loaded, its time-oi- 
departure is conputed, 

Aver ali ships, scheduled to sail ¿rom port. one at master 
tame ecual to one, have been sailed; after the fuel consumption 
Ras veon compute Гог all cui e at or Headed 6011801۰076 ۰ ٣ 
ships due to arrive at vort one have arrived; and after all ships 
at port one һауе been Loaded or unloaded as the cose may be, then 
the model will switch to port two. Апа the entire process will be 
repeated sten by step. 

Once the model has finished looking at both ports, master time 
15 compared with final time; if it is less, master time in incremented 
by one and the model, keying first on port one апа then on port two, 
posses NFO Che Proceso “Malí, 
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Ihe model contains two options not 40380 18 ዉ rel Sk Ar 


НА оте а tie model, О ЕОМ ОСС ром Ое е вар 


Шоо IOI OIL Ole) bo сос оол Ни 69 EDO. Cl Ото 


ን 


aval snipment, The model does this оу LOOKING ome and сий 


ርች 


Pacing tre amount Ох сегро Gt wall ао ао. sort one on 
the аду the ship is sch. luied to land. If tire will че ro cargo 
Е о ее ое. сое model шо ٤ 


ПӘЛЕН агза ала OCTAVE OFS AOC ILL. OPEN ORE и 
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MÁ 


establishes this curliest moment as the new ATR of le ship and 
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: лет ауе се 
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adj Wes the ship's speed accordingly. In thi 
speed may be decreased to zero or incressed to its waximum cruising 
speed. Tue model will до this each day a ship is at sea headed for 
рог: ойе,» 

Ihe second option is tnat 4: ап 11000404 5010 іс screw 


Тана СЕ port two but oll the соси оте оссиортса, сле model vill 


LOrt two tat IG а. 
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Sealed тог a опао åt 
the model will suil it even tnough iat does not have a full load. 
This permits the inbound ship to land as scheduled. 

ШО GUN GO, the model 165 closed, буле они но АРА 02251001. 
2 37 resembles с аугаа тсТэВс | ۰07۸062 и око ዕ 
Шоо behuvior resembles thet of real loscd, two-port system even 
ከመ с“ Е. 2704: ን и تہ‎ : 7 4.4 
помела it convains numerous siuplitying assumptions. 1+5 purpose 
15.70 .OSt. policy decisions alleeting о о: 


cracing throush time "WlsLories for many diiferent sets of conditions. 
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The гай 5 доп ог ths manel оа со прабег DAT 0/78 
ви Lala гос 11751270: соц го. ОДИ CS Lh سس‎ 77 
пе mmijority os tne c.Jeuta.lons aro. PE Nica. к. „(ШО с 1 
0600ی‎ ocu tionc г сне sudyro Mes nii ESTE Io. 
Же way they «it iato the :ا‎ ıLLirs will ve ¡escri.ed then he oper- 


оп о се ити ек СОЛ аа Мон, 


ME ¿irst of the im,ortant cumroitires is MTL (ር. ፐር. መመሽ- 
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соо equations: 
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the symbols represen. verinbles as follows: 


өне Cargo Fer Day Constant in “thousands” of tons per day. 
4 шаг к 5 — e . ኣ 
1.1 ото: вето. (Dimensionless) 
Ciel The constant that determines the Geyree ot randomness. 


ore CURIOS enn CIOS ekon CII SI, TE 


FR handom number. (Vimensionless) 

221400 221111 0 ё от annual С сэг, 
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Бата COL) Eid Л.а) are delinsd сз оао; помщемиг Лу (5.21) 
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SE cenet., Цеголгсе: the word couation will gp Air !o Tod ToC 
шоља аз мегі e mat tem. tical ccmetions. Mp cols асшы 10 
equalions тата О ето: № КЭЧ ааа с со 210 іп 
Поп Сеш з Che conputcr progr am. 

By the proper choice of values lor Cal AMES. CU сле со 
ос тог 12-02 0016-1012 each рого ме Е Ш. 
Por охото, ЖТС 1-51, CDU О9296022й00001: С. ос с01 Bier 
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Dur ОЕТ слата Ос апае оон O, Ce OULD UOC 
randomized increment varyine from wero to twice the size of the 
daily iucrement. When Cual equals zero and SinCO is greater than 
Zero the output will de a randomized eyclical 1ncrement, 

he cargo gener tor is restricted im that equations (4.1) end 
(4.2) do not distinguish between different classes of cargo. 

tne second invortant subroutine is DiwAHT. DilantT's purpose 
Ездво а ве wien “ney arevscheduleu Бо Leave pores ۸)) 9 ٥٦ 
their destination and LTA and vacetes спе cock they were in. The 
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СРОС Cargo ler Day Constant. (lnousauds of tons per day) 
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ine purpose of the FUnL Subroutine is to compute the афо 
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The sequence of operation in the MILLIM таф сл. 5 іӛлотсіса? 
to the model; however, it will де explaincad 19 @reatcr аеса11, This 
111 provide a more complete picvure® ol now ¿hc "ами Пр oe 10125 
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the principal argument; і.е., Э ВАхт ignores port two, 
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Using tine-of-deperture (dock time), DEFART searches each 
UOC in vort one. If a dock time falls between master time and 
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moon 2): ana the е spent 020 15 ” ፣ on 
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Lue oc Llame Lo вето. This до done Vo indicarve lial tiie 022015 
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